Introduction
Studies of long term modulation of cosmic rays have been made to understand the solar-terrestrial environment and the heliosphere. The 11-year variation of cosmic ray intensity is one of the well-known long term modulations, which is of quasi-periodic pattern negatively correlated with solar activity, and was first pointed out by FORBUSH (1954) . With Parker's cosmic ray transport equations in terms of the diffusion, convection and adiabatic deceleration, solar modulation of cosmic rays can be quantitatively described not only for the long term but also for the transient (PARKER, 1958 (PARKER, , 1963 . The 11-year variation of the solar diurnal variation of cosmic rays can also be noted as another example of long term modulation, showing a somewhat quasi-periodic pattern in which the observed diurnal amplitude is positively correlated with solar activity (e.g., RAO,1972; KUDO et al., 1987) . The diffusion-convection model can afford the basic theoretical frame to explain this relation (PARKER, 1965; GLEESON and AXFORD,1967; MUNAKATA and NAGASHIMA,1986) .
It is well known that high speed solar wind streams cause enhancements in geomagnetic disturbances (e.g., GARRETT et al., 1974) . With the discovery of coronal holes, evidence has confirmed that long-lived and magnetically opened holes, from which high speed solar wind streams blow out, may be the first candidate for recurrent solarterrestrial disturbances. In connection with those geomagnetic disturbances, the recurrent type of cosmic ray modulation has also been studied by many authors with particular emphasis on solar and interplanetary sources and modulation mechanisms of these disturbances (e.g., BURLAGA, 1983) . Among them some works have been done for the declining period of solar activity in 1973-1974, concerned with the close relation between the enhanced solar diurnal variation of cosmic rays and high speed solar wind streams from coronal holes which were predominant with a remarkable recurrent nature for those periods of time (SWINSON et al., 1981; IUCCI et al., 1983; DORMAN et al., 1984; MUNAKATA et al., 1987) .
In the present paper, which supplements a preliminary report of KUDO and MORI (1990) , by using neutron monitor data from a worldwide network for three solar cycles, 19, 20, and 21, from 1953 to 1987 , we analyze the long-term variation of the solar diurnal variation of cosmic ray nucleonic component to point out the existence of significant enhancements of the solar diurnal amplitude of the cosmic ray nucleonic component in the declining periods of solar activity, in addition to those enhancements related to solar *: IGY Type Neutron Monitors; others: NM64 Ty pe Neutron Monitors; sl: sea level.
less than three months per year throughout the duration. The solar diurnal amplitudes and phases are calculated on a monthly basis, and the yearly averages are then derived from them. Figure 1 illustrates, from the top, the polarities of the sun's polar magnetic field on both hemispheres, the sunspot number, the cosmic ray intensity, the phase and the amplitude of the yearly averaged solar diurnal variation observed by the Climax neutron monitor in USA (see Table 1 ) during the period of 35 years from 1953 to 1987. The error bars for the amplitude indicate the standard deviations of the yearly amplitudes derived from the monthly data. The dashed lines denoted by max. and min. represent the periods of maximum and minimum sunspot number for reference. From the figure we note that the cosmic ray intensity observed by the Climax neutron monitor clearly shows the 11-year variation, negatively correlated with sunspot activity as mentioned in the introduction. Additionally, we note here that the observed phases of the solar diurnal variation at Climax exhibit the so-called 22-year variation, which is rather correlated with the solar magnetic cycle as pointed out by THAMBYAHPILLAI and ELLIOT (1953) .
As for the diurnal amplitudes of cosmic rays at Climax in Fig. 1 , we can point out the following observed facts that: 1) the observed amplitudes are large in the periods of maximum sunspot number (the years 1957, 1968, and 1979) , while they are small in the periods of minimum sunspot number (1954, 1965, 1976, and 1987) , and 2) the above correspondence over the three solar cycles exhibits the quasi-periodic nature of an 11-year cycle. During active periods many enhancements of the diurnal amplitudes of cosmic rays are produced associated with Forbush decreases due to solar flares; on the other hand, during quiet periods the disturbances are less and those variations may be caused by an upper cutoff of modulation depending on solar activity (e.g., AHLUWALIA and RIKER,1987) .
Here we call attention to another type of enhancement of the observed solar diurnal amplitude of the cosmic ray nucleonic components during I1-year solar activity cycles, which is our interest in the present paper. In Fig. 2 which supplements Fig. 1 , we illustrate the same long-term variations of the solar diurnal amplitudes of cosmic rays but at four other neutron monitor stations; Deep River in Canada, Mt. Washington in USA, Mt. Norikura in Japan, and Huancayo in Peru. We can clearly recognize in the above two figures that, in addition to the large diurnal amplitudes during the periods of maximum activity, there are additional enhancements of the diurnal amplitudes during the declining periods of solar activity in all stations and in three cycles; in cycle 19, statistically significant enhancements are seen for the periods 1962-1963, in cycle 20, there are other enhancements for [1973] [1974] , and in cycle 21, significant enhancements are also observed for 1984-1985. These three periods are illustrated by hatched areas in the figure.
It may be interesting to point out here that the enhanced amplitudes under discussion are rather larger than the amplitudes during the maximum activity periods. We also point out that the above enhancements may exhibit a quasi-periodic nature with an 11-year periodicity. Figure 3 shows the same plots as those in Figs. 1 and 2 but for 17 additional neutron monitor stations included in Table 1 , with the shorter observation period from 1965 through 1987. We can also recognize in the figure that the enhancements of the diurnal amplitudes are in good coincidence with those at the above five stations shown in Figs. 1 and 2 .
To summarize the above, we may draw the conclusion that the enhanced diurnal amplitudes of the nucleonic component are observed in the declining periods of solar activity, and that they have an 11-year periodicity. Fig. 1 . Long-term variation of the solar diurnal variation (amplitude and phase) of the cosmic ray nucleonic component observed by the Climax neutron monitor together with the cosmic ray intensity, the polarities of the sun's polar magnetic field in both hemispheres where + and -show the fields away from and toward the sun, respectively, and the sunspot number for the three solar cycles 19, 20 and 21 (1953-1987) . The hatched regions indicate the enhancement of the amplitude during the declining periods of solar activity. In conclusion, we can summarize the observed results in the present analysis as follows: 1) We have analyzed the solar diurnal amplitudes of the cosmic ray nucleonic components using data from the worldwide network of neutron monitors for three solar cycles 19, 20 and 21 from the year 1953 to 1987. We can definitely point out that, in addition to the large diurnal amplitudes during the periods of maximum solar activity, there are rather larger amplitudes in the declining periods of solar activity, and that they exhibit a quasi-periodic nature of 11-year cycle.
2) We have made a comparison of the diurnal amplitudes of cosmic rays with the interplanetary plasma and magnetic field parameters. Most of the interplanetary field and plasma parameters increase in the declining periods of solar activity in both cycles 20 and 21. The periods of the increase of the interplanetary parameters are coincident with those of the enhancement of the diurnal amplitude of the cosmic ray muon component. The diurnal amplitude of the cosmic ray nucleonic component also enhances during the same period as the interplanetary parameters in cycle 20, but it enhances with a lag of about two years in cycle 21. This discrepancy suggests that there might be some factors such as heliomagnetospheric quadrupole fields which selectively influence on the lower energy cosmic ray particles so as to interrupt the enhancement of the diurnal amplitude of the cosmic ray nucleonic component.
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